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The asymmetric unit of the title compound, C lg H 16 Cl 4 N 2 02, 
comprises half of a potentially tetradentate Schiff base ligand. 
It is located about a twofold rotation axis that bisects the 
central C— C bond of the butane-l,4-diamine group. There are 
two intramolecular O— H- ■ -N hydrogen bonds making S(6) 
ring motifs. In the crystal, molecules are linked by pairs of 
weak C— H- • CI interactions, forming inversion dimers, which 
are further connected by C— H- ■ O hydrogen bonds into two- 
dimensional frameworks that lie parallel to (001). 

Related literature 

For standard bond lengths, see: Allen et al. (1987). For 
hydrogen-bond motifs, see: Bernstein et al. (1995). For related 
Schiff base ligands, see: Kargar et al. (2011); Kia et al. (2010). 




Experimental 

Crystal data 

C 18 H 16 C1 4 N 2 0 2 
M, = 434.13 
Orthorhombic, Pbcn 
a = 15.871 (3) A 
b = 12.505 (3) A 
c = 9.4133 (18) A 

Data collection 

Bruker SMART APEXII CCD 
area-detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2005) 
T min = 0.805, r m „ = 0.915 

Refinement 

R[F 2 > 2a(F 2 )] = 0.045 

wR(F 2 ) = 0.095 

S = 1.02 

2057 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 




V = 1868.3 (6) A 3 
Z = 4 

Mo Ka radiation 
fi = 0.65 mm~' 
T = 291 K 

0.35 x 0.16 x 0.14 mm 



8772 measured reflections 
2057 independent reflections 
1264 reflections with / > 2a(I) 
R in . = 0.058 



118 parameters 

H-atom parameters constrained 
Ap max = 0.31 e A~ 3 
Ap mi „ = -0.27 e A~ 3 



D-H-A 


D—H 


H-A 


D-A 


D-H-A 


Ol-Hl-Nl 


0.95 


1.71 


2.565 (3) 


149 


C5-H5-01' 


0.93 


2.48 


3.370 (3) 


160 


C3-H3- ■ C12" 


0.93 


2.83 


3.738 (3) 


165 


Symmetry codes: (i) 


-x + iy-i,z; 


(ii) -x + l,-> 







Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT 
(Bruker, 2005)'; data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL and PLATON (Spek, 2009). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: SU2460). 
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4,6-Dichloro-2-((f)-{4-[(f)-3,5-dichloro-2-hydroxybenzylideneamino]butyl- 
imino}methyl)phenol 

Hadi Kargar, Reza Kia, Amir Adabi Ardakani and Muhammad Nawaz Tahir 
Comment 

In continuation of our work on the crystal structure analyses of Schiff base ligands (Kargar et ah, (2011); Kia et ah, 
(2010), we report herein on the crystal structure of the title compound. The asymmetric unit of the title compound, Fig. 1, 
comprises half of a potentially tetradentate Schiff base ligand. It is located about a two-fold rotation axis that bisects the 
central C9-C9a bond of the butane- 1,4-diamine group. The bond lengths (Allen et ah, 1987) and angles are within the 
normal ranges. The intramolecular O — H— N hydrogen bonds make S(6) ring motifs (Fig. 2 and Table 1; Bernstein et ah, 
1995). 

In the crystal, molecules are linked by pairs of weak C — H— CI interactions to form inversion dimers which are further 
connected by C — H— O hydrogen bonds along the b axis direction, forming two dimensional networks that lie parallel to 
the ab plane (Table 1 and Fig. 2). 

Experimental 

The title compound was synthesized by adding 3,5-dichlorosalicylaldehyde (2 mmol) to a solution of butylenediamine (1 
mmol) in ethanol (30 ml). The mixture was refluxed with stirring for 30 min. The resultant solution was filtered. Yellow- 
needle single crystals of the title compound, suitable for X-ray structure determination, were obtained by recrystallization 
from ethanol by slow evaporation of the solvents at room temperature over several days. 

Refinement 

The OH H atom was located in a difference Fourier map and was constrained to ride on the parent O atom with Ui SO (H) = 
1.5U eq (0). The C-bound H-atoms were included in calculated positions and treated as riding atoms: C — H = 0.93 and 
0.97 A for CH and CH 2 H-atoms, respectively, with U iso (H) = 1.2U eq (C). 

Computing details 

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT (Bruker, 2005)'; data reduction: SAINT (Bruker, 2005); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008) and PLATON (Spek, 2009). 
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Figure 1 

The molecular structure of the title compound, showing 40% probability displacement ellipsoids and the atomic 
numbering [symmetry code for suffix A = -x, -y + 1, -z + 1]. 
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Figure 2 

The crystal packing of the title compound showing the C — H---0 and weak C — H---C1 interactions (dashed lines; see 
Table 1 for details) forming two dimensional networks. Only the H atoms involved in hydrogen bonding are shown. 

4,6-Dichloro-2-((f)-{4-[(f)-3,5-dichloro-2- hydroxybenzylideneamino]butylimino}methyl)phenol 



Crystal data 

C 18 H 16 Cl4N 2 0 2 
M, = 434.13 
Orthorhombic, Pbcn 
Hall symbol: -P 2n 2ab 
a = 15.871 (3) A 
6 = 12.505 (3) A 
c= 9.4133 (18) A 
V= 1868.3 (6) A 3 
Z = 4 



F(000) = 888 

D x = 1.543 Mgm 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 851 reflections 

(9 = 2.8-27.5° 

(i = 0.65 mnT 1 

7=291 K 

Needle, yellow 

0.35 x 0.16 x 0.14 mm 
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Data collection 

Broker SMART APEXII CCD area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2005) 
7^ = 0.805,7^ = 0.915 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

RiF 1 > 2c7( J F 2 )] = 0.045 

wR(P) = 0.095 

S = 1.02 

2057 reflections 

1 1 8 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



8772 measured reflections 
2057 independent reflections 
1264 reflections with I > 2a(I) 
R iBt = 0.058 

f) — 97 1 ° f) —91° 

'-'max Z. / , L , Cmiri • ^ 

A = -20->12 
& = -16->15 
/ = -10— 12 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[a 2 (F a 2 ) + (0.0259P) 2 + 0.896P] 

where P = (F 2 + 2F 2 )/3 
(A/(7) max < 0.001 
A/w = 0.31 e A" 3 
Apmm = "0.27 e A" 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R- factor wR and goodness of fit S are based on F 2 , 
conventional R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is 
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Cll 


0.37204 (6) 


0.74164 (6) 


0.18745 (9) 


0.0673 (3) 


C12 


0.44335 (5) 


0.32968 (6) 


0.08251 (9) 


0.0613 (3) 


01 


0.24660 (12) 


0.65449 (13) 


0.3845 (2) 


0.0492 (5) 


HI 


0.2062 


0.6189 


0.4413 


0.074* 


Nl 


0.16734 (13) 


0.50222 (17) 


0.5089 (2) 


0.0383 (5) 


CI 


0.29214(16) 


0.57913 (19) 


0.3202 (3) 


0.0356 (6) 


C2 


0.35462 (17) 


0.60699 (19) 


0.2224 (3) 


0.0404 (7) 


C3 


0.40082 (17) 


0.5318 (2) 


0.1515 (3) 


0.0428 (7) 


H3 


0.4418 


0.5526 


0.0866 


0.051* 


C4 


0.38606 (17) 


0.4244 (2) 


0.1772 (3) 


0.0413 (7) 


C5 


0.32680 (17) 


0.3932 (2) 


0.2738 (3) 


0.0402 (7) 


H5 


0.3181 


0.3209 


0.2910 


0.048* 


C6 


0.27940(16) 


0.46897 (19) 


0.3465 (3) 


0.0344 (6) 


C7 


0.21558 (16) 


0.4352 (2) 


0.4470 (3) 


0.0379 (6) 


H7 


0.2096 


0.3628 


0.4670 


0.046* 


C8 


0.10183 (16) 


0.4624 (2) 


0.6055 (3) 


0.0435 (7) 


H8A 


0.0946 


0.5125 


0.6833 


0.052* 
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H8B 


0.1194 




0.3944 


0.6452 


0.052* 




C9 


0.01787 (17) 


0.4483 (2) 


0.5280 (3) 


0.0481 (8) 




H9A 


0.0258 




0.3993 


0.4492 


0.058* 




H9B 


-0.0225 




0.4163 


0.5926 


0.058* 




Atomic displacement parameters (A 2 ) 




T 71 1 


T 7?? 








U 


Cll 


0.0782 (6) 


0.0361 (4) 


0.0874 (6) 


-0.0057 (4) 


0.0253 (5) 


0.0114(4) 


C12 


0.0628 (5) 


0.0484 (4) 


0.0727 (6) 


0.0047 (4) 


0.0223 (4) 


-0.0103 (4) 


01 


0.0497 (12) 


0.0349 (10) 


0.0630 (12) 


0.0051 (9) 


0.0161 (11) 


0.0044 (9) 


Nl 


0.0308 (12) 


0.0419(12) 


0.0421 (13) 


-0.0032 (11) 


0.0016(11) 


0.0050 (11) 


CI 


0.0305 (15) 


0.0343 (13) 


0.0420(15) 


0.0009 (12) 


-0.0014(13) 


0.0019(12) 


C2 


0.0410(17) 


0.0321 (13) 


0.0481 (17) 


-0.0052 (13) 


0.0009 (14) 


0.0058 (12) 


C3 


0.0362 (16) 


0.0458 (16) 


0.0465 (17) 


-0.0041 (13) 


0.0077 (14) 


0.0027 (13) 


C4 


0.0394 (17) 


0.0371 (14) 


0.0475 (16) 


-0.0003 (13) 


0.0042 (14) 


-0.0056 (13) 


C5 


0.0408 (16) 


0.0324 (13) 


0.0473 (17) 


-0.0022 (12) 


0.0036 (14) 


0.0013 (12) 


C6 


0.0309 (15) 


0.0353 (13) 


0.0371 (15) 


-0.0014(12) 


-0.0007 (12) 


0.0026(11) 


C7 


0.0354 (16) 


0.0330(13) 


0.0453 (16) 


-0.0042 (13) 


-0.0035 (13) 


0.0041 (12) 


C8 


0.0383 (16) 


0.0475 (16) 


0.0446(16) 


-0.0011 (14) 


0.0032 (15) 


0.0056(13) 


C9 


0.0408 (18) 


0.0456 (16) 


0.0578 (19) 


-0.0038 (14) 


0.0128(16) 


0.0048 (14) 



Geometric parameters (A, ") 



Cll— C2 


1.738 (2) 


C4— C5 


1.365 (3) 


C12— C4 


1.739 (3) 


C5— C6 


1.390 (3) 


01— CI 


1.333 (3) 


C5— H5 


0.9300 


01— HI 


0.9457 


C6— C7 


1.449 (3) 


Nl— C7 


1.276 (3) 


C7— H7 


0.9300 


Nl— C8 


1.468 (3) 


C8— C9 


1.530(4) 


CI— C2 


1.397(4) 


C8— H8A 


0.9700 


CI— C6 


1.414(3) 


C8— H8B 


0.9700 


C2— C3 


1.366 (4) 


C9— C9 1 


1.506 (5) 


C3— C4 


1.385 (3) 


C9— H9A 


0.9700 


C3— H3 


0.9300 


C9— H9B 


0.9700 


CI— 01— HI 


106.9 


C5— C6— C7 


120.1 (2) 


C7— Nl— C8 


119.0(2) 


CI— C6— C7 


119.9(2) 


01— CI— C2 


120.5 (2) 


Nl— C7— C6 


121.8 (2) 


01— CI— C6 


122.1 (2) 


Nl— C7— H7 


119.1 


C2— CI— C6 


117.4(2) 


C6— C7— H7 


119.1 


C3— C2— CI 


122.1 (2) 


Nl— C8— C9 


111.1 (2) 


C3— C2— Cll 


119.3 (2) 


Nl— C8— H8A 


109.4 


CI— C2— Cll 


118.6(2) 


C9— C8— H8A 


109.4 


C2— C3— C4 


119.4 (3) 


Nl— C8— H8B 


109.4 


C2— C3— H3 


120.3 


C9— C8— H8B 


109.4 


C4— C3— H3 


120.3 


H8A— C8— H8B 


108.0 


C5— C4— C3 


120.7 (2) 


C9 1 — C9— C8 


113.3 (3) 


C5— C4— C12 


120.5 (2) 


C9 1 — C9— H9A 


108.9 


C3— C4— C12 


118.9(2) 


C8— C9— H9A 


108.9 
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C4 — C5 — Co 


1 OA A S r )\ 

120.4 (z) 




/"■Ai /"'A TTAT) 

C9 — C9 — H9B 




1 AO A 

108.9 


a c tic 

C4 — C5 — H5 


119.8 




Co — C9 — H9B 




1 AO A 

108.9 


C £. CC TTC 

Co — C5 — H5 


1 1 Ci o 

119.8 




TTA A /"<A T TAD 

H9 A — C 9 — H9B 




1 AT *7 

107.7 


c c ct: c 1 

C5 — Co — CI 


120.0 (2) 










Ol — CI — C2 — C3 


—l/o.l (z) 




C4 — C5 — Co — C7 




1 no a /i\ 

178.9 (2) 


Co — CI — C2 — C3 


1.5 (4) 




Ol — Cl — Co — C5 




1 TO 1 /'"*\ 

178.1 (2) 


U 1 — CI — Cz — CI 1 


A A / A\ 

0.4 (4) 




Cz — C 1 — Co — C5 




-1.5 (4) 


Co — C 1 — Cz — C 1 1 


1 on a /o\ 
— 1&0.0 (z) 




U 1 — C 1 — C o — C / 




-0.5 (4) 


C 1 — C2 — C 3 — C4 


A A / A\ 

-0.4 (4) 




C2 — C 1 — Co — C7 




1 TA A 

179.9 (2) 


pil Cl CX. CA 

i — v^z — — 


1 / 8 . 8 yz.) 




co vri en Cf. 

^8 IN 1 1 




1 77 7 (1\ 
l 1 1 . / ^Z J 


C2— C3— C4— C5 


-0.9 (4) 




C5— C6— C7— Nl 




-175.5 (2) 


C2— C3— C4— C12 


178.2 (2) 




Cl— C6— C7— Nl 




3.1 (4) 


C3— C4— C5— C6 


1.0(4) 




C7— Nl— C8— C9 




-93.8 (3) 


C12— C4— C5— C6 


-178.2 (2) 




Nl— C8— C9— C9 1 




-63.4 (4) 


CA CZ C& CA 
L-4 tJ CO 1 


0.3 (4) 










Symmetry code: (i) -x, -y+\, -z+1. 












Hydrogen-bond geometry (A, °) 












D—n-A 




D — H 






D—Yi-A 


01— Hl-Nl 




0.95 


1.71 


2.565 (3) 


149 


C5— H5-01" 




0.93 


2.48 


3.370 (3) 


160 


C3— H3-ci2 iU 




0.93 


2.83 


3.738 (3) 


165 



Symmetry codes: (ii) -x+ 1/2, y-\!2, z; (iii) -jc+1, -jH-1, -z. 
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